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POWER REQUIREMENTS OF THE 200 BEV FACILITY 

E. C. Hartwig and G. R. Lambertson 

September 20, 1967 

T r. :Y!i::lpr,::t: t J y::uv i!l~~~l:~r'y ,.lL' 5 cp :;z:,,?k I‘ 1.6, !.yi;G, ';!lc t?:,LQ"ty;C 

'" )T!C y :],‘c; (is !,; I' tilr ;: 00 I:‘,:' a.c :: e 1 21.(1'; ~) :r :aci1ity ha-ie tc2f.n c:;tcns iv:: Ly 

rc:ici;eii: i;!:c :v2;IlLts 2re ci'le2 in the a.nsTJers lz;cl.rj:,r. TTrir.5 t:le 
:: ,z :;,D'~: _~i' :~yJ s< L;,~ :i. i; ,.., ~pws~r.tc-cl in t!le Desi,;n %tl;fi.j: i?:po~t, 2 sc2heciuLe 
'j f 2 '; 2 i-,7- t i <, :I .~' .,, c :;!L': ac~~l'e:~~;ar and T;r th" c:<3?1.‘,.:oY k I '$ '.2-U L "m nt 
j?,?,'; ,;I:c 5~ ds: :;,;~I ::;~:,7~, T1z x:l?r::1~ wil.c zcc!nl.eci :iE',cr the l‘l‘?"Kl :x at 
XL, CXTfiJ, irx: XT, !lith ~*,d.:.f-cnticr!s ~lppmprint~.r to t!l<? !:ml zaa Bt?V 
facility. Tol;cl:l. pswer requircncnts presented here wfre derived from 
this mrle1 d the project. hy such ~ro,jecti:>ns of the, c:~ztaiLed 
,~ct;~y<:;j,r;c l;:' :a :::ixi.rch pr5:cct for c? decadi. <.ntc ?lC ru",lrc must 
I;? 6UbJrxt to w~;si~l~3x.L!,e ,3nccrtainty; ,a* allomwc ,af 5 30% in 
the ne5ds 5: the 13:::mtor:~ ::culd nst bc unreasonnklo. 

i:nwers to i;hz qwst.isc.; ~c;llov. 

I . l'.i~,ii3~ ~ih,::~,~fl:! ::,:ti il,:w!1.i. c!,,r21'/':y 1:t:q11! lY!!nr::rl;n ILL'I! :,:Jyc,, : I, 

'!!:I i;,I~r: .i . 

2. J2;tampl.o :'?>nikly pmcr dexmds and eseri;y ~onsuq3tLor.s a~Ct?r 

coqletisn 0.' constrcoti;. I? arc ;;iven in Table ST. Fluctuations 
in e,ncr#z;, Ci,-urss rcsul'; frzj~ an nssuwti shuti:>!n sckclule, the 
detnilz '3: sbich nr? sc',~2.11;~ quite uapedlcta'~;Lc at this tim. 

L’owc!r ,I‘Uf! t,,” W2ill.d lx! :~I.I~!,!“‘xi,rrr~t,rl.:i rr$. vmr .tJl.;.:i ] c ItId, 

3. 50 :mjj? 1.:x L-to-13 set, 2-io-11. per rlny : 

The ave?.%&e va1uc oc thc ~ulsecl (on and ofr every 2.5 sxond cycle 
elf ihc accclc~ntx) !.9ad is 50 I4VA. This is supplied hy generators 
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Tnbk I. 
m.12i: L:?:.Lc:Ll. Ihnand rtnil T<wr~y 

I.,/2 ho UT l<Wh x LO6 Lgad Factgr 
DC !?a fl<]-i,;-b'J'\ I"" year 8760 hrs/yr CoTxcents 
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0.35 j$ 
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Temp. sunprt k&p _ 
by 1i.v AC n:,iit?'L' 
I.hi. " !i ub s tat i.0 n 
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13.a :;v AC! 
distributi,>n 
Main ring cmp- 
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'L.nnr t.urn-on 

, I:11.lt!~'t:in~ tu.r1wi,\ 
"II" 71m 
"I" Em 
Main ring turn-on 
“,J” JpB 
Construction cmplete 
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-Q- iXi-r/llL LOT OF 
CbOLtN.6 m H@C : 

Operatim Schedule 
Holidays 15 days 
14aintenance 57 days 
Outap : 0 dayi; 

IklN1nd for ~Ir,n-up(!l-atlon ~ml.odu 
14inl.num ;: 0 ItvA 
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y:!, [ ~);) L.. ,. :: tjl \I -I:i.:;;t;~n!;;~-.~ o_l:2.ntit.i.cz ,;I.' *in2r::y. p,';ye ~r-nr..L1 2 ,. .,-p . . . _, " ,, _. I 

:i~‘r‘ ti '-I ':f :: 1,:; i,,r~ii;::y:: wi I;17 con'2-:r:l.:l '+i jy:.;;"~:r :!.np'~t (..:-;u.::: 7‘: :;-;r 

;!Y,t,::r:: ?n:!, ':,::tL!!.T.i~c!; . Tlx7 JIIJ! iic:l~ lo::~ii:; c:::~:y iic 1,::.~:::!.1::ti;‘.!l: :~,1:y;;;,~\,'b; 

rli:~~'i.c~f; z:~!Lt!lr::. %I; t ,.~:lr '?I!'> r:it 1,.,[, i:y l;l-,r: I', ':?,‘:LtO::S (jr :;.:L‘,:':;;' 

I~ntcrl.~x!lr~. !!hc !notor :I.n~~ut pw 1‘ :.i'll t~h?n 1:~ quir:kl:i ::>d>~:c:~ 
:;,z ? .,.,- ;c,;::-. :,3ssps ip. >T . t:i!::e ~.lhiich is s'.!r:Jly t!lc q.J,z'i:.zn" 5:; ttii- 
c:hani;c ir, r?.~~!:.2,fiiCni. ;tOr?d energy and thz c.vernrJr; 73t3: input. 
%!I? r-.otor iarut 7:01;c1 vi:-1 be prl3fgmxzci to siniriz-- ~::iez z,tc 
T!nr:i.:Liisn:: b:lt if the interruption c~ccux near t!x ;.:r?, 3: ,I 

pu LC'~ .i.n:it?~~.; :I? near the rniddlc, the cut-&f ti.r,c ::i.LL be only 
'3°F: ::':c:cllix. !?~fiu:rpthn 0.: pt:lx:ny: :.:!.I.1 ~:~~-cstablis!~ t!x 0u1.m~ 
l.rmi :i.n 'xc !,C~!S,Xl~. 

30 l,iVA in 0.1. xc, O-to-l C~I‘ day: 
The La:y;est siz,~le circuit will ke 50 HVA. An O'IFrlcad '31‘ 
mfet;y interl,;c!c mold trip the b?w.ker Ln 130 !mi;licec.;nds. 

!~?(I i.iiiA ir; 10 !n.i.nii!:cc. 1. ner ~121~: __-___-__ 

'13~ ,i,Z:!j btvri :i md r:l~:r.~:ic IY:~I-c:;c~~~ l.lL,? WI r;<![l ‘.o:~l! _ I ].‘::.I”:: i.hc OtlLcl 
IIQ.c!ll!i.‘:. I~%Lk :L:::~;fJI!i r:i;ed w!.i:h ’ AC ?pc:ratbri c:!. the :LC:CL:.... /I .I r\ r,m t>jy z*& 

ihr: '1:c,:<.'Ki!::i! I:t?" I_ ,?.,‘CfLS . Any shutdmin for arrchiw :xrinter.cnce 
::cil~~~,ilulr:~i 7:‘ ,gJL:)~y.,,,),~- v!Lll rcquirz khis ~q1~ipr.cr.t t:> turn off. 
The pui;cC~ Loa:3 will terminate in ten sec3nd.s, the rest zi‘ the 
load can b3 scheduled to ~0 off over an interval of a few minutes. 

;1 ‘;i~l ;T’:r\ i :i -l.i,-1,1 rci:, __^ ..-- -.--...-- rl::l.si,murr. :i: ‘T>‘l?- 11’1111~: .-- 

‘:/) PI’//, i:, :,.,I lil’l: L..-..-~-.-- ~.-d-!-l~~? i)t’T ll~~: 

‘1’11<! I~!,!::i::rl.!,I,t,:,: ‘Ql,’ :;Iii! l.ond;: 1:: tl?c cmnr: nn sor Qllc::t;~i.i:rI ?!r;. 3, 
ht occurrc~m~c .?requenc!:r of the "stop puloing" and '~~CGLUX 
pulfiing" c~:f:c-.~Lne.,5 expcctcd is xuch hi&r thnn d!xin,: r.?rml 
operations. ;t is n-t rant that the load changes :rill XXIX- at 
20 per hour for all hours of testing. The rate will frequefitljr 
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i-2 l!iUCll :E::tC~Li.'.m?Y~~ >.O~,!C~~~tZ 1' ;.t 15 T.?t i?OS:3:i~kl~Z to !jr?C:': :ihec :mcl 
~:'::r !kn; :I,,~l:: SIC :!,::l<i :.'21‘ Lllc!-L '2~XKl I;iO!? w:i.lL '?xict. 

Zj . ,::Lr!!l:,:.l. <J:i.L ~,:,!~1;~1"!.orr:; :.re t;l!<i :::lP!" a3 .Ln an:;,~Ic?: 1;s c,~.l?::ticr? x:1. 3. 

6. ~!rt’~.rl~~; :: 1‘1’opel.. *l.!:!Lt !-.?I-2 i.0 ?.3rc :iiCflcult, than !::“i;u:.2ticR 
..m.c:i P.Ci c-.l.i:ulntl.ni; r!?r,ulatlc n, It ir!volve:: ,jud~72:lt 33 to 
:~itRt :.~~::~11..1~ ‘dll. 1:~ dc,trlmntal to the acc~l.c~-i~t;~- ;-,:?:atlor,. 
--> I~ I, ::: r~,::~t,,i,r:~i !,:::ix~! :;!n t ::.urlh c~~;_u’.-!xznt w.l,!.l k:c p:.~v ! ,+. AL :,:i.‘,ll 
i;cL:~-L:;-~‘.r: ~;.,~.r’,,lyL?? -:;cc-,;pc ,,~’ ~ I,_.~ Y-2 tc!,crancc in i.‘x ::~stz:~t it; nuch 
r F-2 1 L c; 1: ;::~a.(~> ::2,ye<y, ‘cc w~?l:z~,: ^.L. I ,,j z :Icll-contr~lLc~i i 7;.;:zr :-.I 

systc3. G3:1~!C3 in?.?? !:crLn bene12.y !m*plct nOblCr ~CCt~<i~~-~ ;;*zicll 

are regularly desiped for O.Oi$ control of current. Of course, 
the ~aier supp1.y .roitar;c pertwkation adds t3 the !ra.yEt resistance 
.~n.rir~t:l.cn t, Lncr~?e’:c the ranre, am1 lrncc size, c: the rc@Latcrr 
a:, W!l.l. ri,:; ,!.il,! ?‘cq?l i rf:d I.oop z,~!~n 0.C 1;11(! mq~l’.f~~:~~. T,nop [::lin 
;ln r:lv:rq :l,n i,;c!1’!11:1 r,~L ~?I.CI~tl~~~~~fll~ C:C?111~,lO~~~!IiI~:i 11l11, t!lC i:!?! r!-Il!nl(i~~lii!l;l~ 
ptmllir: t cr.’ 2. d?WLC~~ ifs; :‘ifliix! ii0 thrit ~inrrcni;c i::r:;r, ll:.lE.l.i.~~ n;ennfi 
;L ::n.~:i~~:.i’l~x 1.n the frqumcy r”snonse of the ii:?vir:e. 

. . "ilr: r? 1,; i-L !:'1 3tt1cI- Ywl~;oS 2: rcqu:irrzil v:>l.ta;- S%.b:;l:i',,)~. 3X- 
f?.xx?plc I ;:1c qua.u~!~~i,;~c 0.' the '.n,jectnr licac can yri:icly 
tolerate :ir :xch a.5 1-r;. !.!uch 3-2 experincnter ~:lcctr~nics, 
r:olmt.ir!;; c~n.!il.n?cnt, c::pcr:i!xn!.?“!. netups Ln the l-.l;or:~.t~::rics, 
f:h::~:ll. r::l.:‘~~!ui, I; ‘?l’Z ami c?mput,?m (m? rzlx In th,::; “:~n;‘:c. AlCO) 
the >t:t1c;: ~c~:;t~:rlr:~s cd tllr uti.lity who ure $ xnnectt~<i ?~.at t!ic i>oLnt 
of 1mLi -.iil!. ha-~z rczglalnts at ~lumters a hit higher ‘,*2.n 15. 31. 
c:<a”iT! !.c , a :2$ changs ;iroduces 2. noticeable size chaqe on a 
televificn screen. 

The lcbantcry gower :ijr ~7Ftenl is ?O.d@ Of ReVCrZ.1 50 i”l:i: tr:%ns~Ol3eI3. 
The ::cwr\rlr~:.i~~ rr.t..,l. lx :;c~:nr.-.ti:rl 90 that thr: ,mrZ.ou:: ki:!:i:; iI:’ loa~io 
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I’ I: ~,.‘.~ .:,t J!,. ‘j( r, yc] ;. ~: c~;c -I: :I, , , ,::I 8~ 1‘L-:[,~:,;,!,:i ;;I,- ;,,s _.- -c-“-,(. 
2 

1:::~ ~; !;~I~: ,-,!;t~. 1 i,::li i:,.:;~i,3r. ,.~:C‘ t!?r "!I ilt1.::~- ;;J<,,,,[; i '1. /~ \;;;I :;::,- ::I; :,,q 

,.,;,, :. ,3,:,;:..:.:,:ri <,',~ 1~ ,,,, :::;,, ',':.:I:.:,“: ,.mr,,.:: :\:l.i :I:~,<< t,)L: , ',!'!I' '>,: ,! ,. I,, 

,',f>~:(:. :,,: i,,:p i::'.,,,i:;L'.,i.~!.~1"!:. ','(,,,: !,..::;~::I',.,,,,::,:~:':: ?< ,,.,. :,. !!.L.:(, ,, :.::,I,..i: . 

,,; L,;.:;;~,; :,I',;‘, ,,r G(:[; I;;) : I::‘:) ;:;;17,, !:I, :.:ic (T;'i.li !.:!lGl~L1~1 !I!.:,.,: '7.L 

:.r:I!,:: :, :!.');;" :;g &:c;l ::::'Jq ~ :::,ic'l ;r2p:'i;s C'. 1:: ;,gLt3t;'! :‘:;::~p: -,:> 

:;I!? ,,;ri.cl. 

_. . 1:: :.1, :;: /,. 1 9; inr; ‘,;!:c voLl:~?~;s vcri2t;i-‘n p13ci.l,c,.?:-[ ;,;,‘~ CL ,\lrrcnt 
:::,‘!.:-;-,I i .,/. 

-7 ., , 7.7 : ~: p;j (2 i!O” ‘1 -t, 3, :;i~n .; I~ IL::,, 

:ihcz? ,* .;. :: ::!I’? ~cl\.El? “uct3r. an@, 

thr: _~,.::l;::i:.,:~,~~~ yl.t f-2 ‘;a s:!sli Iwhen aic’cd in n_uzllrw~:,~~rc t.!lat 1'. 

l-,?n .:,,~: y?;Y li(, i-"<~i j .~. ., _ . . Thw, the l‘e!.ntiYe v,!.tm;e c!:kinl~;c <:,I9 t;e 
r::<n.,:: :: r:,y ,I .a trrr:r 1: the :)‘~wI- chance ES 

/:‘, 
‘::;~I. ~Z, ,,, 

.I_.. -_ ~A-!. 21’ A-- 
\!;: Pi.4 

LilInYi. I~;:‘<~!l~l.t 

‘;i!C :::;,~: ..i; :~I:c:uit ii:IL‘crz3,tL*zn cnr!x311~ is detf:rninc 2 to :il.;c~:: 

ym~~~~:: ::I:? '.icatian n? 32 13 ircuit l2:rz.kcr tr, t;jrj inctsilcd. it 
-, '!..~,,.,c:.,'_.~'_ , ~~&:ul,-~:;c < :qit:l 3;1 gencratin.~ c411i7Ynt coonEctFc:i 

:mt, !::Y::.:.::';. !invcv~~:. 1,~s~ th,an !uOC$ o? th? ,:,>nrra.i,,.>rs are cl;, 
,;I)~‘: ; _ 11,: ‘illCi-1 !:f 1;!1” i;i”!?. 

::n C!C? nt>.,:1:,: ‘5 tra I.c~:nl.l.on:: WhCYC lkhc nouv~c i:r.pccln~e .I :i iktor;i~.i I:: I! 
t;y tlx? Sirs? DT t;mn:;fo?:>?r, thQ ~rLI:ccl~crator wLi1 bc c:nnc!ltcd. t,,, 
a 7.: cq' 1311 l!np!!clancc po:.nt 0" the systen. In th;s cnse, t!:e 
inped.ar,ce i.;:ill I.@ dcterrimd by the actual numkcr 0” pncrator: 
connectc2. The qucrte? X’A shod3 then ‘ze reduce:1 Ly a factor to 

repr3scr.t ~..ctual condlticns when calculating the reg,alaticn. 
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:;:I :, yILL:cr,,:!,,~ :_':rzto:~~ r1rjt :;ct e~;a:.uat~~cl -r-Lsc;: i'rs"J ti>q ->ct 

,;!I?.-; y-~-y .:.;>:.i:i ~::::-,n(y:s ,>'~!curz.in; ir! n'c3ut Sli'J zc:nnd 'i!l? trar,s- 

,i,c T.'. J y-:2 :;:;:li: 3 xtllc;~ t!lan :;ilb-trar:;::c.., ,?t r?xtznce shodri be 

:'s L' ['. ,; i >, ~; :; \!.I.:.1 i:~~~xca.s~ the soi,rcc i:npcdancc and the '/iI.';ng;e 

~f,-u;:r::lcn .I;:,? 2:; CIUC~ as a l-actor of ho. 3n the ot!?r:r h,~nd, 
:;!le t;:.??a is ‘Lx,2 :J’mr”, for -rest ~cncrator Yoltqye rop:..ntcrc, to 
i;c c!j,‘f:,:r:tl.~Jc. 

‘P,‘ ?,I : 
. ~/ ,., ,... !::Lzl;? :,k rhort circuit lr%l, -7. Pactol- zi’ 3.-l 11~s l;een 

1;:;e:l :;r cl;; atovc 2'2; ustr.ent . Also 25 s une 

A:’ = 0.01 3. 
-7 % = O.l 

PF _ $06 D = 0.0 
:i.i.ll 0 i 0.6 

p;,;jj 3 *l’ o../ & (t ~1o:i 9 + sin 9) 

3 w. = 4&o .i 103 kVA, 

3. T.ier2 r:;y;‘7?:r?:: ts te Iittle in the nccelerct5r c;esir,n, other than 

cl.cct,"i.i: ~!.ioclr~> ??!liCh is r,nnnit.t-J" to fr!?q11cficy. Of tours", the 

,;,;i,ryr, '!,lr,:l'(:;j I I, the ::I! I t.cw-l~:,‘nn?~: rto1. n,yr;tc!n vi.1.1. lx :Lm!CtC~!, bllt 

i;I,j :; i :i ,xi; ~:;.jl!~:t.~r,llallI.r: unl.cnn tllr ~cxclu~nl!~ll .I:; l.:\r(:'!. A 

-‘rcl!~:l:: ":I t~~~:im.ncc of l$ nppenrs to I:e aucquntc, T!w norn:?l 

.frq~..:.::,:y control of _novcr n~tvorlrs is better than this. 

g.(a) Chac;;cl:: Ln t~chn9loi_;y co111d alter the types of reseazch equip- 

rent i:. use. .?.n exaq3l.e rould be the advent >f large-scale use 
of suiprconductors in !lnylcts. In the estimtes madu akn/e, only 

the :!,:rr(:c b:;i;i;lc ::!mmhcr WLB CL'-* ., ~~tunccl to hnve :;upr'conducting 
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,,,a!J,;,::t s:nLi~.i. ni;or,t :;:rc2e ycnrs aft~~~ tkl.R 1c-: si’ cclfi:: tx1ction, 
:jg Ini 0: n-;ern;;c lo,ad riiL1. lx2 rcct.i:f:~el‘-,?o:icr~d cl, c . !xlg:nc ts. 

j’,;<t(~: p::~;.;c ,!:,:c s.: ::um: rc~r~iluctl.o: coi.l~r, :~:ml.ci >:nducC ?Ci:; !~cnrl 

i;o ai;~ui; j ;,:li 0,. motor ioul :Cor the cryn,y nit 3yskr1:; . T!x:sc 

c ryo:-~~-. j. c ., ,~: ‘:~sten!s 7muld clspentc vith Is:rer ictsrruntFons t!:nn t!;- 

cmxesponubn,y convent’cm.1 r:.a&-nets. 

(11) IA ~;:Ic T:I~?;;~c! oL’ CL ICsCnrch facili’;j’, !,nexTr~L: t::: cl ““T 1 “C IL.2 ::-. j, ‘,,rlJ 

Ll1.i.:~:‘: :I,!; al?:,, i;LT! . T.2 a!~low e:cp?ri.n:“ntai rle.~-:.ol;:~crl~t t:> ~~~xceori 

i.iithol~C; I,k:l:!.;i :;!I? k:.i:OrCttCJr'y S!~OUld hc‘ E.reo 's i.ntl-ocu::o c'I1, 

czq12:fpreri: anti npcr3,tiri; proccdLUTs. For exmp1e, it Sl~loUlCl hc 

poss;l;lc: to t.est nev pulsed. devices in the develop!mlC 13bclra- 

tories without interference to other ea_uiyx+nt of the project and 

without $2:~ greci of a Flywheel-buffered P>W~Z CDULTE. AlSD, It, 

w311:l.cl !,c ;l.~:;:rc?-i:ntn:;~sun :I.f the ,ISC of nev 31‘ ad&d (le~ices lx& 

t;o :s.;::L:l 1; I;l\r: r~xp,r,\rlj.,:n Ol,l t:tw ,‘“C,C’C r,,y::i;c’!:l. The 1 t1w .Cl.csi.l1ility 

of t!:? .por:i:r c!<!i;wclr!r t.!l L;upp1y ctxm:.ln~: 1oao.l :I.:; II positive ai?sct 

to the !I:t:cli::).i;3ry. 

(c) Th” cx~xx:;zi :-a tc 5: pm;er interruptk~ns vouid det9-~::ine the 

anou*t :L? e!xrp:nc:, I’svcr faciliti.es required on ihc site. A 

modest 2.:mcnt,, about : IN, of mer;;sncy power can nllori operation 

to I-I~;:XT w:i.thin c)m !mur nfte.? n brid ictcrrupt.ion thzt J.aSts 

J,crlli :.llLl.r, :1.,i lif~lir. On l.!\c ‘>i;hr:v Imrl., :.17 :,nt;l!ml~, l:!,:1n ..:.:: !L f<?.. 

llc,u,::: ! ; :;vrit,ri:?.:; 1:1,~.1.rl’;~.1.n:,nil hl.ch ‘ILICIIUTI OT I.OV tll!:!ij!:T!~tllrC r!ay 

rqu:il-,: !;:i~,~;i ~,dc!i,ti~on?~ haurs to reccver opersti r,g mnditicns . 


